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Normal two-dimensional pulsed Doppler echocardio-
graphic velocity profiles for sites within the heart and
great vessels in a group of 102 normal infants and chil-
dren are presented. Qualitatively, waveforms mimic ex-
pected hemodynamic events at the various sites. All
waveforms had a rapid initial deflection followed by
spectral broadening after attainment of peak velocity.
Quantitative angle-corrected peak velocities were
generally lower on the right side than on the left side of
the heart. DitTerences in tricuspid (mean 61.8 cm/s) ver-
sus mitral (mean81.1 cm/s)outflow and pulmonary (mean
76.1 cm/s) versus aortic (mean 88.5 cm/s) outflow were
Applications of Doppler echocardiography have assumed
increasing importance in the noninvasive diagnosis and
management of children with congenital heart disease. Qual-
itative applications of Doppler studies have included the
detection of disturbed flow due to valve stenosis (1-8) or
regurgitation (9-17) and localization of flow disturbances
associated with ventricular septal defect, atrial septal defect
and patent ductus arteriosus (18-24).
Newer generation Doppler devices display quantitative
spectral outputs of Doppler frequency shifts that allow de-
termination of normal and abnormal flow velocities. This,
combined with two-dimensional imaging, allows localiza-
tion of the sites of sampling and vector of the angle of flow
with reference to the Doppler sample. These instrumentation
advances have made available new opportunities for apply-
ing Doppler technology to clinical cardiology.
Quantitative applications of Doppler echocardiography
have included estimation of the gradient across stenotic valves
(1-7,2:1), estimation of cardiac output (26-30) and deter-
ruination of the pulmonary to systemic flow ratio (QP:QS)
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significant (p < 0.01). The only significant age-related
ditTerences were in the pulmonary artery (mean for new-
borns 67.7 cm/s versus 79.6 cm/s for older children,
p < 0.01). Aortic data obtained from interrogation sites
in which flowwas closeto 0 or 1800 were similar, whereas
aortic peak velocity data obtained from apical long-axis
or subcostal views were greater. These differences were
probably induced from inaccuracies in azimuthal (ele-
vational) angles that cannot be measured.
These normal Doppler data should be useful for com-
parisons with data obtained for children with various
forms ofcongenitalheart diseasethat affectflow dynamics.
in left to right shunting lesions (26). Since such quantitation
of intracardiac Doppler flow velocities has assumed increas-
ing importance in children with congenital heart disease,
we designed this study to characterize and establish normal
values for intracardiac and great vessel Doppler flow ve-
locities in normal infants, children and young adults.
Methods
Study subjects. One hundred-two normal children under-
went two-dimensional echocardiographic Doppler examina-
tion during this study. All subjects were free of cardiovascular
disease by physical examination. Informed written consent was
obtained according to aHuman Subjects Committee-approved
protocol. The children's ages ranged from 3days to 22 yearswith
amean(± SD)of6.01 ± 5.12.
The first phase of this study emphasized Doppler eval-
uation of flow velocities in the aorta (n = 36) and pulmonary
artery (n = 82). This part of the study was performed in
84 of the children (28 infants and 56 older subjects). Studies
in the next 18 subjects included additional interrogation of
velocities within cardiac chambers and velocities of atrio-
ventricular valve flows.
Doppler echocardiography. Ultrasonic examinations
were performed with patients in a quiet rest state in either
0735-1097/84/$3.00
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a supine or a right anterior oblique position. Studies were
performed with two instruments. The first was a commer-
cially available mechanical sector scanner with a single ele-
ment transducer (3.5 or 5 MHz) that could be oscillated
through a 30 to 75° arc (Electronics for Medi-
cine/Honeywell). When imaging the heart or great vessels
with this instrument, the Doppler sample volume can be
positioned at any depth along any information line within
the sector arc for measurement of Doppler velocity. Sam-
pling rate varies with depth. At 6 em depth, sampling rate
is 13,OOO/s (pulse repetition frequency), and the maximal
nonambiguously detectable velocity (Nyquist velocity) is
143 cm/s at 3.5 MHz interrogation frequency. At 6 to 10
cm depth, the sampling rate is 7,800ls and maximal de-
tectable velocity is 85 cm/s.
After the sample volume is positioned in a selected cavity
or vessel, Doppler sampling is switched on and the precise
localization is confirmed by an audio signal and a spectral
display of the Doppler shift frequency obtained from fast
Fourier transform spectral analysis. Spectral analysis is per-
formed 200 times/s, providing visual and hard copy quan-
titative velocity displays. Real time two-dimensional echo-
cardiographic images, Doppler waveforms and simultaneous
lead II electrocardiographic tracings are displayed on a mon-
itor and recorded as page prints on a strip chart recorder.
The second instrument used in this study was a phased
array sector scanner (Irex IIIB) that, while sampling at 2.5
to 3.5 MHz, includes a 2 MHz Doppler interrogation ca-
pability (PEDOF) that provides both pulsed and continuous
Doppler capability. Doppler sampling is performed at 2
MHz interrogation frequency. Both two-dimensional echo-
cardiographic images and Doppler velocity curves can be
obtained simultaneously from the same transducer array,
but pulsed or continuous wave Doppler sampling is accom-
plished only with a fixed central interrogation line in the
sector. In the pulsed mode, the maximal unambiguously
detectable velocity to a depth of 6 cm is 160 cm/s.
In this system, Doppler outputs are available as an audio
signal and as a spectral output sampled with a variable rate.
Two-dimensional images were recorded on video tape and
pulsed spectral Doppler outputs and simultaneous lead II
electrocardiograms were recorded on hard copy page prints.
Ultrasonic examination technique. Standard two-di-
mensional echocardiographic examination (31,32) was per-
formed. Doppler sample volume was then placed in the
following areas: right atrium (apical four chamber plane),
tricuspid outflow (apical four chamber plane with sample
volume distal to the tricuspid valve and in the right ven-
tricle), main pulmonary artery (short-axis plane), left atrial
cavity (apical four chamber plane), mitral valve outflow
(apical four chamber plane with sample volume in the left
ventricle distal to the mitral valve), ascending aorta (apical
left ventricular outflow plane, apical long-axis plane, sub-
costal left ventricular outflow and suprasternal long-axis
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Figure 1. Pulmonary artery (P.A). The range-gated sample vol-
ume shown as short parallel lines on the Doppler cursor is located
in the middle of the short-axis image of the main pulmonary artery.
Depth of the sample volume is indicated on the calibration scale
at the left ofthe image (5 to 6 em), The A mode echogram showing
the ramp settings and gain is indicated to the left of the calibration
markings. The spectral display of the flow velocity in the pul-
monary artery is shown below the two-dimensional echocardio-
graphic image. The velocity scale is located to the right of the
curves (peak velocity -79 cm/s). Range of measurable velocities
is from - 107 to 64 cm/s. Time scale is shown in seconds (heavy
lines = I second intervals). The zero line is shown traversing the
image. The centimeter scale on the left is the same as on the two-
dimensional echocardiographic image. An electrocardiogram is
displayed for timing purposes. Ao. = aorta; R.A = right atrium.
plane) and descending aorta (suprasternal plane) (Fig. I to
3).
The best quality Doppler flow velocity tracings were at-
tained in this study by centering the sample volume in the
two-dimensional image of a cavity or vessel, avoiding walls
or valves, and then adjusting its position until the highest
Figure 2. Short-axis plane. The right atrium (R.A), right atrial
outflow into the right ventricle (R.V.), left atrium (L.A) and left
atrial outflow into the left ventricle (L.V [inflow]) are shown.
Doppler interrogation sites are shown in the various sample volume
locations in apical four chamber two-dimensional echocardio-
graphic images. See text and Figure I for details.
JACC Vol. 4 , No. 2
August 1981343-50
GRENADIER ET AL.
NORMAL DOPPLER VELOCITIES IN CHILDREN
345
---~-..-..
• ' 0
pi
COl
-J--~__-~
.•. 'I
.v.
- 0
I , I
• el
, CO I , I , I , I
I ,
I
A
LV (inflo )
I , I , I , I , I
· H Co'
IJJ Co"
346 GRENADIER ET AL.
NORMAL DOPPLER VELOCITIES IN CHILDREN
lACC Vol. 4, No.2
August 1984:343-50
phasic velocity with the narrowest spectral width was ob-
tained. The audio outputs were used for further guidance
of the sample volume. Sample volume size was determined
by vessel diameter or chamber size. The smallest volume
that delivered the best maximal signal was employed. Max-
imal velocity was then recorded. Sample volume angle with
reference to flow direction was manually estimated from the
two-dimensional image with a protractor. Since obliquity
of flow velocity to the sampling plane cannot be assessed,
no correction can be applied for the elevational or azimuthal
plane. Adjusting the sample volume to obtain maximal ve-
locities probably minimizes this potential error. Correction
of flow velocity (V) to angle (0) was accomplished (V/cos
0).
Waveform velocities were then evaluated qualitatively for
configuration and quantitatively for peak phasic (diastolic
or systolic) velocity in cm/s. Peak velocity was measured
to the top of the heaviest signal on the velocity curve.
Velocity measurements were performed on a digitizing pad
that was linked to an Apple II + computer. A software
program specifically designed for velocity measurement was
employed (Biodata, Inc.) At least two observers evaluated
each tracing. Peak velocity measurements were made over
at least 3 beats/min and were averaged. Spectral width was
measured on records obtained from the Electronics for Med-
icine/Honeywell device by measuring the thickness of the
spectrum at the peak of the curve. Since spectral width varies
with gain settings, gain sensitivity was held constant during
an individual examination.
For each area sampled, mean and range population data
were recorded as spectral width, peak maximal velocity,
interrogation angle (0) and angle-corrected maximal velocity.
Unpaired t testing was used to compare data obtained
from different sites and from the same site using different
approaches. Regression analyses were performed for com-
parison of data with age.
Results
Waveform analysis. Pulmonary velocities, best de-
tected from the frontal short-axis view with the sample vol-
ume in the main pulmonary artery, registered as a negative
waveform (Fig. 1). The initial deflection was coherent and
was followed by spectral broadening after reaching its peak.
At end-systole, the wave returned to zero and velocity was
then generally at or near zero during diastole.
Right atrial velocities, best detected from the apical four
chamber view (Fig. 2), were mainly diastolic and toward
the transducer and were, therefore, positive with respect to
the zero-crossing line.
Tricuspid velocities were best recorded from the apical
four chamber view with the sample volume placed in the
right ventricular inflow tract (Fig. 2). Velocity profiles closely
resembled the M-mode tricuspid valve tracing. The initial
increase was rapid to the peak. This phase was followed by
spectral broadening of the downslope. Next, a smaller peak
was associated with late atrial contraction. The waveform
was fairly flat during systole.
Left atrial velocities, best detected from the apical four
chamber view (Fig. 2), closely resembled the waveforms
found in the right atrium. Since the left atrium is distant
from the transducer, accurate sampling was sometimes quite
difficult, especially in older children and young adults.
Mitral valve velocities, best detected from the apical four
chamber view with the sample volume located in the left
ventricular inflow tract (Fig. 2), closely resembled those of
the tricuspid valve.
Ascending aortic velocities can be sampled from several
sites, including the apical long-axis view, the apical left
ventricular outflow view, the subcostal left ventricular out-
flow view and the suprasternal long-axis view (Fig. 3). Since
flow is away from the transducer in the apical and subcostal
views, the waveforms were negative, whereas the wave-
forms sampled from the suprasternal position were positive.
In all cases, the initial deflection was abrupt, spectral broad-
ening occurred at peak and the downslope reached the zero
line fairly abruptly. During diastole, a slight reversal of flow
was usually noted in the ascending aorta.
Descending aortic flow sampled from the suprasternal
notch was negative with respect to the sample volume. The
waveform was similar to that of the ascending aorta, except
that it was flat instead of reversed during diastole.
Quantitative waveform analysis. Table I shows quan-
titative data for spectral width, maximal velocities, angle
of interrogation and angle-corrected maximal velocities for
each site studied.
Mean spectral widths were similar in all areas studied
with the exception of those from the subcostal aorta which
showed very little spectral broadening. Peak systolic spec-
tral widths were generally less in the great vessels than were
peak diastolic spectral widths in the atria or across atrio-
ventricular valves. Spectral widths did not vary significantly
within a single examination at a given site when the Doppler
device's range span was changed and gain sensitivity was
held constant.
The interrogation angle (0) was closest to 0 or 1800 ,
parallel to flow, when the apical four chamber view was
used for interrogation of the atria and atrioventricular valve
Figure 3. Aortic Doppler sampling sites. The suprasternal notch
two-dimenional echocardiographic view allows nearly parallel
Doppler sampling of the (A) ascending aorta (A.Ao) and (B) de-
scending aorta (D.Ao). The angleof interrogation is printedin the
two-dimensional echocardiographic imagerecorded from a newer
generation Doppler-echographic instrument and transducer mod-
ifiedforsuprasternal notchwork. Thecalibration dashes represent
20 cm/s velocity levels. C and D are from the apical long-axis
and subcostal view, respectively. See text and Figures I and 2 for
details and abbreviations.
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Table 1. Results of the Study With Data Expressed as Mean, Standard Deviation and Range for Spectral Width, Maximal Velocity
the Angle Theta and Angle-Corrected Maximal Velocity (in cm/s)
Angle-Corrected
Spectral Width Maximal Velocity Maximal Velocity
Subjects (cmls) (cmls) Angle ()COl (cmls)
Site Total NB Mean SD Range Mean SD Range Mean SD Range Mean SD Range
RA 22 0 22.2 7.1 12 to 41 46.1 7.8 38 to 60 9.4 8.2 oto 35 47.6 8.7 38 to 73.6
TCYout 43 0 20.3 8.8 7 to 39 60.0 10.8 41 to 77 I\.7 7.5 oto 25 6\.8 I\.6 41 to 83.9
MPA 97 28 14.5 5.3 3 to 30 73.2 12.0 50 to 100 13.1 8.7 oto 32 76.1 12.7 50.2 to 105.4
LA 22 0 20.5 8.7 10 to 40 57.6 8.6 45 to 80 7.5 6.6 oto 23 58.7 8.6 45 to 72.2
MY out 48 0 18.1 7.5 7 to 35 78.2 12.5 61 to 120 13.5 9.3 oto 35 8\.1 13.3 58.9 to 92.2
Asc Ao 27 0 18.3 10.3 9 to 50 77.1 13.7 55 to 110 44.1 12.2 20 to 65 113.7 27.6 72.9 to 184.5
2 CH
5 CH 29 9 16.9 7.3 5 to 39 68.7 11.5 45 to 90 37.5 12.5 10 to 55 89.6 14.8 64.3 to 114.4
SUBC 12 8 9.3 4.5 5 to 17 61.3 7.7 51 to 80 44.8 16.4 20 to 65 95.4 24.7 67 to 142
SSN 23 0 18.0 9.5 5 to 38 84.3 13.8 58 to 112 14.9 9.4 5 to 40 88.5 15.4 60.2 to 115.7
Desc Ao 20 3 18.2 6.7 10 to 35 86.5 13.2 51 to 104 9.6 7.2 oto 27 88.4 13.3 5\.2 to 104
SSN
Asc Ao = ascending aorta; 2 CH = apical two chamber; 5 CH = apical five chamber; Desc Ao = descending aorta; LA = left atrium; MPA =
main pulmonary artery; MY out = mitral valve outflow tract; NB = newborn; RA = right atrium; SD = standard deviation; SSN = suprasternal notch;
SUBC = subcostal; TCV out = tricuspid valve outflow tract.
outflows, The angle () was quite small in the suprasternal
view image of the ascending and descending aorta, but was
greatest when the aorta was interrogated from the subcostal
left ventricular outflow or apical long-axis views.
Angle-corrected peak velocities were generally lower on
the right side of the heart than on the left. When specific
sites were compared (tricuspid versus mitral inflow and pul-
monary versus aortic outflow), these differences were sig-
nificant (p < 0.01). Furthermore, some age-related differ-
ences were present. Peak pulmonary velocities in 28 newborns
(mean ± SD 67.7 ± 8.9 cm/s) were significantly lower
than those obtained in older children (79.6 ± 12.5 cmis)
(p < 0.01). No age-related differences were present when
comparisons were made for aortic velocities (newborn 89.3
± 12.6 versus 89.8 ± 16.0 cmis; P = NS). No age-related
differences were noted at any other site.
When angle-corrected aortic velocitiesfrom different sites
were compared, the apical left ventricular outflow tract view
and suprasternal notch (ascending and descending) data were
all similar. Angle-corrected values for the aortic apical long-
axis and subcostal approaches were significantly greater (p
< 0.01) than values from any of the other sampling sites.
These differences may have been due to inaccuracy in azi-
muthal angle of the sample volume at large interrogation
angles or to obliquity in the left ventricular outflow scanning
plane because it usually encountered a short length of the
ascending aorta.
When values for 10 subjects examined at all sampling
sites by two different Doppler devices were compared, the
angle-corrected maximal velocity data were nearly identical,
the greatest individual discrepancy being 5 cmis.
Discussion
This study provides normal values for quantitative intra-
cardiac, transvalvular and great vessel Doppler flow veloc-
ities that, to date, have not been available from a large
systematically studied group of normal children.
The Doppler velocity curves reflect hemodynamic events
occurring in a chamber, across a valve, or within a vessel
under interrogation. Lowest peak velocities are found in the
atria and on the right side of the heart when compared with
the left side of the heart, as previously noted by Hatle and
Angelsen (33). Human (34) and animal (35) electromagnetic
flow meter velocity studies have demonstrated lower pul-
monary peak flow velocities when compared with aortic flow
velocities.
Angle-corrected peak velocities. The values reported
in our study are generally lower than those reported by Hade
and Angelsen (33) for children; the data are closer to those
which they and Gardin et al. (36) reported for adults. Rea-
sons for this are uncertain. When we compared the results
of our examinations with the two two-dimensional Doppler
instruments used in this study, the data were nearly identical.
However, differences in instrumentation may explain some
of the discrepancies. Those authors (33,36) used an M-mode
Doppler approach with a single Doppler transducer guided
only by the waveform and the audio outputs in an attempt
to align with flow.
Maximal velocity data. These are most accurate when
the interrogation angle is smallest. Azimuthal (elevational)
angle cannot be measured and is probably greatest when
short lengths of vessels are visualized as opposed to using
JACCVol. <c, No.2
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"down or up the barrel" views. This might explain the
discrepant high velocities noted in aortas when the apical
long-axis and subcostal views were utilized. Since the sub-
costal plane of interrogation had limited usefulness or suc-
cess except for obtaining flow information from the aorta
in newborns, in whom the aorta is close enough to be eval-
uated at a high pulse repetition frequency, the problem may
not be a practical one.
Quantitative angle-corrected velocities were significantly
lower on the right than on the left side of the heart. The
differences are probably due to lower pressures and resis-
tances on the right side of heart compared with those found
on the left side of the heart.
Conclusion. In this study, we were able to characterize
and measure normal Doppler velocity profiles for sites within
the heart and great vessels in a group of normal children.
These data should be useful for comparison with data ob-
tained from children with various forms of congenital heart
disease that affect intracardiac, transvalvular or great vessel
flow dynamics.
We thank Cheryl Czaplicki for typing and editing this manuscript and
Yvonne Carnahan and Linda Feldman for performing many of the echo-
cardiographic examinations.
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